The compound {[Cu(C 5 H 14 N 2 ) 2 ] 3 [V 15 As 6 O 42 (H 2 O)]} was synthesized under solvothermal conditions. During the reaction the V V species of NH 4 VO 3 are reduced to V IV providing the 15 reduced V IV centers in the anionic cluster. The compound crystallizes in the non-centrosymmetric orthorhombic space group P2 1 2 1 2 1 with four formula units in the cell, V = 9464.8(4) Å 3 . The structure features [V 15 As 6 O 42 (H 2 O)] 6− anions which are joinded by Cu 2+ -centered complexes to form linear chains. If a long Cu-O bond is considered as weak intermolecular interaction a three-dimensional network is generated. The compound is partially soluble in water as evidenced by UV/Vis spectroscopy and mass spectra. The magnetic susceptibility of the compound is dominated by strong intra-cluster antiferromagnetic exchange interactions.
Introduction
The current interest and the intense research in the field of polyoxometalates (POMs) has very recently been summarized in several review articles [1 -3] . According to these reviews the overwhelming research is focused on molybdenum-and tungsten-based POMs, and the potential of vanadium POM chemistry seems to be not exploited on a comparable level. Vanadium-based polyoxometalates have been studied by different working groups demonstrating the rich structural and electronic variability [4 -13] . Moreover, vanadates and/or polyoxovanadates (POVs) have attracted high interest in the areas of supramolecular chemistry [14] , as secondary electrode materials for advanced lithium batteries [15, 16] and as inorganic/organic hybrid materials for sorption applications [17] . In addition, reduced POVs were considered as promising materials in the field of catalysis as selective catalysts for the oxidation of oxylene [18] , and their catalytic properties have been studied [19, 20] .
Of special interest are the magnetic properties of heterometal-substituted POVs like K 6 [V 15 As 6 -O 42 (H 2 O)] [4 -8] (abbreviated as {V 15 }) which can be regarded as a prototype of a single molecule magnet. Up to now roughly 60 papers have reported on the properties of this compound (abbreviated as As-POV) with respect to butterfly hysteresis, loop of magnetization [21] , antisymmetric exchange and Jahn-Teller effect [22] , spin frustration [23, 24] , and Rabi quantum oscillations [25] , to mention just a few.
A chemical and physical modification of the {V 15 } cluster can be achieved by terminal expansion through a covalent linkage of transition metal complexes or organic molecules and by intracluster alteration either by generation of mixed-valent V centers or introduction of further heteroatoms [26 -36] . Such modifications should lead to new exciting structure types, and it can also be expected that the physical properties of such modified clusters differ from those of the nonfunctionalized {V 15 [42] . These examples demonstrate the structural versatility of As-POVs chemically modified by transition metal complexes.
During our research in the area of POVs and chemically modified POVs we recently isolated several new polyoxovanadates under hydrothermal conditions [43 -59] . All these compounds were synthesized applying NH 4 VO 3 as a V source, and the amines used in the syntheses act as reducing agents to reduce V V to V IV . We now extended the synthetic work to arsenato POVs, and in this contribution we present the new compound {[Cu (C 5 
Mass spectroscopy
Mass spectra were collected on an Applied Biosystem Mariner 5280 mass spectrometer in electrospray ionization (ESI) mode (positive ion scan mode).
Thermal analysis
The TG measurements were conducted with a heating rate of 4 K min −1 in Al 2 O 3 crucibles in a dynamic helium atmosphere with a flow-rate of 75 mL min −1 using a STA-409CD device (Netzsch). The TG data were corrected for buoyancy and current effects.
Infrared spectroscopy
IR spectra (400 to 4000 cm −1 ) of the title compound were recorded with a Nicolet Avatar 360 FT-IR ESP spectrometer using KBr pellets.
UV/Vis spectroscopy
UV/Vis spectroscopy investigations were conducted at room temperature using a UV/Vis two-channel spectrometer Cary 5 from Varian Techtron Pty., Darmstadt.
Elemental analysis
Elemental analyses were obtained using a EURO EA Elemental Analyzer, fabricated by EURO VECTOR Instruments and Software.
Single-crystal structure analysis
Data collection was performed using an imaging plate diffraction system (IPDS-2 with Mo K α radiation from Stoe & Cie. The data were corrected for absorption using X-RED and X-SHAPE from Stoe. Structure solution was performed with Direct Methods using SHELXS-97, and structure refinements were performed against F 2 using SHELXL-97 [60] . Most non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were positioned with idealized geometry and were refined with U iso ( H) = −1.2 U eq ( C, N) (1.5 for methyl H atoms) using a riding model. Within the cluster anion a water molecule is located for which the O-H H atoms were not located but considered in the molecular formula. For some of the C and N atoms of the ligands too high anisotropic displacement parameters were found, indicating for large structural disorder. Refinement using a split model did not lead to any significant improvement of the structure model. Therefore, these atoms were refined only isotropically. After the final refinement several electron density peaks were found indicating disordered water or ligand molecules, for which no reasonable split model could be found. Therefore, the data were corrected for disordered solvent molecules using the SQUEEZE option in PLATON [61] . The relatively high reliability factors can be traced back to the poor crystal quality. Reciprocal space plots reveal that the investigated crystal contained small contributions of additional individuals that could not be indexed separately. Several data sets were measured for different crystals even at lower temperatures but no better data sets were obtained. Details of the structure determination are given in Table 1 .
CCDC 1024091 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Magnetic measurements
Magnetic measurements were performed between 2 and 290 K using a Quantum Design MPMS-5XL SQUID magnetometer. The sample was compacted and immobilized into a cylindrical PTFE capsule. The data were corrected for contributions of the sample holder and the diamagnetic contribution (χ m,dia = −1.14 × 10 −3 cm 3 mol −1 ).
Results and Discussion
Compound 1 crystallizes in the non-centrosymmetric orthorhombic space group P2 1 2 1 2 1 with Z = 4 and all unique atoms located on general positions ( Table 1 0.68/−0.71
form two V 6 hexagons and one V (Fig. 2) . Considering the Cu-O distance of 3.022(12) Å as a weak bond, these chains are joined to form a three-dimensional network. The connection pattern generates blocks consisting of six interconnected cluster anions within the (100) plane. Along [010] the clusters alternate in an· · ·A-B-A· · ·fashion, and the interconnection of the cluster shells by the Cu(1)-centered complexes along [010] leads to the formation of zig-zag chains (Fig. 2, bottom) .
As mentioned in the introduction some As-POV clusters interconnected by TM complexes have been reported in the past. ter [5] . These examples demonstrate that the average BVS value calculated for the cluster anion of the title compound points towards V IV centers. The calculation of bond valence sums for Cu 2+ in a Jahn-Teller-distorted environment is not straightforward because no unique R 0 value is available. Due to the fact that the three independent Cu atoms exhibit a strongly distorted coordination environment the presence of Cu + can be excluded.
In the IR spectrum (see Fig. 3 ) the characteristic terminal v s ( V=O) vibration is located at 981 cm −1 which is typical for V IV =O. The IR spectrum also contains the characteristic vibrations of organic molecules and of water.
The compound could be partially dissolved in H 2 O, and the UV/Vis difference spectrum of the solution shows an absorption maximum at 200 nm and a shoulder at 260 nm (Fig. 4) .
The powder X-ray pattern of the residue not dissolved in H 2 O displays no changes compared to the diffractogram of the pristine material. In the IR spectrum of the residue, the characteristic V=O band occurs at the same positions as for 1. According to EDX analysis a change in the Cu : V : As ratio is detected after treatment with H 2 O (Cu : V : As = 1 : 1.25 : 1.32; original: 1 : 2.26 : 1.58), and it seems that some of the Cu complexes were removed from the pristine material. The ESI-MS spectrum of the solution (Fig. 5) is complex, and an interpretation is not straightforward due to the formation of clusters with attached solvent molecules, aggregation, or conversion into other species [67] . The two most prominent mass peaks are at m/z = 413 and 659. Despite many trials an unambiguous assignment of the two peaks to a distinct cluster could not be obtained. In any case, UV/Vis and MS spectra give evidences that the title compound is at least partially soluble in H 2 O.
The material dissolved in H 2 O was recovered by removal of the solvent. The powder pattern of this product is characterized by strong modulation of the background which is typical of amorphous substances.
In the TG curve of the title compound (Fig. 6 ) a slight mass loss occurs between about 100 and 200 • C which may be attributed to the release of wa- outer two V 6 rings and weak between the three vanadyl groups situated in the equatorial plane of the cluster, resulting in geometric frustration of the spin-1/2 centers. The susceptibility of an individual {V 15 Simulated single-ion contributions of three Cu 2+ (spin-1/2) centers in tetragonally elongated (i. e. Jahn-Teller-distorted) coordination environments are shown as straight line in Fig. 7 T values; the absolute deviation averaged over the entire 2 -290 K measurement interval amounts to 0.23 cm 3 K mol −1 . We note that these deviations are larger than for previously reported transition metal-substituted {V 15 E 6 }-type compounds, where the experimental susceptibility is well repro-duced by the sum of the contributions of the polyoxovanadate core and the transition metal constituents. We tentatively link these deviations to (weak) antiferromagnetic exchange interactions between the {V 15 As 6 } cluster cores and the adjoined Cu(II) centers, as well as to higher exchange energies within the {V 15 As 6 } cores that would mostly affect the high-temperature region of the susceptibility data.
